Glucose was administered to a fresh water teleost, Channa punctatus. Three groups of 40 fish each were injected intramuscularly with 2, 1 and 2 g/kg body weight glucose. Blood glucose level of the experimental fish was assayed according to Nelson (1944) at predetermined intervals, ranging from 0 to 120 hr post-injection. The principal islets were removed at autopsy and fixed for histological examination. A group of 20 fish injected with plain distilled water served as controls.
Previous studies designed to elucidate the physiological role of islet cell types have shown that glucose effectively stimulates insulin secretion from the beta cells and, if given in large amount, may cause severe damage to the islet cells (Gomori et al., 1939; Wissler et al., 1949; Metz, 1958) . In the poikilothermic animals, the effect of glucose loading has been studied in fishes (Falkmer, 1961; Yanni, 1964; Young and Chavin, 1965; Khanna and Mehrotra, 1969; Khanna and Rekhari, 1972) , amphibians (Miller and Wurster, 1959; Wright, 1959) and reptiles (Coulson and Hernandez, 1953; Miller and Wurster, 1958) . A low glucose tolerance seems to be characteristic of most cold blooded vertebrates (Falkmer, 1961; Khanna and Rekhari, 1972) . The present paper is an attempt towards investigating the effect of glucose loading on the glycemia and histology of the principal islets of a fresh water teleost, Channa punctatus.
Materials and Methods
Adult fish of both sexes and weighing 50 to 120 gms were used in the present investigation. Three separate batches of about 40 fish each were injected intramuscularly with a 10% (w/v) glucose solution (Dglucose, Batch no. 52365, BDH Ltd., Bombay, India). The doses employed were 1/2,1 and 2g/kg body weight glucose. Four fishes were autopsied at each observation time of 1/2, 1, 5, 15, 24, 48, 72, 96 and 120 hr postinjection. The blood glucose level of each fish was determined according to Nelson (1944) (for details of the method refer Khanna and Singh, 1971a) . The principal islets were fixed in Bouin's or Helly's fluids. After usual dehydration and embedding in paraffin wax, serial sections were cut at 4-6 ,u and stained with aldehyde fuchsin/light green or phloxine.
A group of 20 fish injected with plain distilled water and sacrificed at the same observation times as All the islets were not affected to the same extent and those with completely normal beta cells could be seen lying close to the islets with degranulated cells (Fig. 3) . Degranulation of the beta cells was also noticed in the islets of fish autopsied 24 and 48 hr after the injection (Figs. 4 and 5). The histological changes in the islets of more pronounced. There was loss of AFpositive granules in the intial stages but the maximum damage to the cellular elements was observed after 24 hr of the injection. In some of the islets, small necrotic areas, consisting of degranulated beta cells and some collapsed alpha cells, could be observed (Fig. 6 ). The damaged beta cells with pycnotic nuclei were seen in the islets of fishes autopsied even 96 hr post-injection (Fig. 7) . Following 2g/kg b.w. glucose injection, there was mild degranulation at 5 and 15 hr post-injection (Figs. 8 and 9 ). At 24 hr the cytoplasm of the beta cells was considerably depleted of its granular content but nuclei were still intact (Fig. 10) . The density of AF-positve granules increased a little at 48 hr post-injection but disintegrated beta cells could still be observed (Fig. 11) . However, at 72 hr the beta cells were in a better state and some of them presented a nearly normal configuration (Fig. 12) .
No appreciable changes were found in the blood glucose level and the histology of the principal islets of the control fish.
Discussion
Glucose tolerance is a valuable tool in evaluating the carbohydrate metabolism in 1958; Wright, 1959; Young and Chavin, 1965; Penhos et al., 1967; Khanna and Rekhari, 1972) . Most animals respond to glucose administration with a rise in blood glucose level. In the Chinese hamster, Cricetulus griseus, glucose injection evoked a sharp rise in glycemia with an equally rapid return to Vol.20, No.4 GLUCOSE LOADING AND PRINCIPAL ISLETS the normal level (Boquist, 1967) . Miller and Wurster (1956) found a marked hyperglycemia in the lizard, Eumeces obsoletus, after oral administration of glucose. In the toad, Bufo arenarum, intravenous injection of glucose elicited a steep rise in the blood sugar, which took eight hours to return to the base level (Houssay and Reitti, 1950 Photomicrographs of the principal islets of Channa punctatus injected with 1/2g/kg b.w. glucose, showing degranulation of the beta cells (arrows). AF stain. (Khanna and Mehrotra, 1969) and after 16 to 24 hr in Heteropneustes fossilis (Khanna and Rekhari, 1972) . Falkmer (1961) recorded peak blood sugar in Cottus scorpius within 1/2 hr of the injection and observed that this fish has a lower glucose tolerance than the mammals. In Channa punctatus, highest blood glucose values were observed within 1 hr of the injection as in Cottus scorpius (Falkmer, 1961) and the magnitude of hyperglycemia was directly proportinal to the amount of glucose injected. The glucose-induced hyperglycemia gradually subsided, and the time taken to attain normoglycemic condition was more in fishes treated with a higher dose. Further, Channa punctatus apparently took a longer time to attain normoglycemia, than the mammals, and hence it exhibits a low glucose tolerance. Similar observations have been made in other teleosts as Cottus scorpius (Falkmer, 1961) , Clarias batrachus (Khanna and Mehrotra, 1969) and Heteropneustes fossilis (Khanna and Rekhari, 1972) . A slow response to glucose administration seems to be a characteristic feature of the poikilothermic animals in general (Miller, 1960; Penhos et al., 1967) . Probably, a slow rate of various metabolic activities in poikilothermic animals, including the fish examined, is responsible for delay in attaining normoglycemic condition in them (Murrell and Nace, 1959; Miller, 1960) . The tremendous rise in the blood glucose level of Channa punctatus, specially with higher doses of glucose, may be ascribed to a slow rate of plasma glucose utilization and of heptin glycogensis.
It has been found that glucose administration causes degranulation and hydropic degeneration of the beta cells (Woerner, 1938 (Woerner, , 1939 . Similar findings have been made in cat (Barron and State, 1949) , rat (Wissler et al., 1949) , rabbit (Logothetopoulos and Salter, 1960) and guinea pig (Gomori et al., 1939; Moskalewski, 1965) . A mild hypertrophy and degranulation of beta cells has been observed after massive glucose infusion in Taricha torosa (Miller and Wurster, 1959) . Among the teleosts, Cottus scorpius did not exhibit any change in the islets after glucose injection (Falkmer, 1961) . But in Clarias batrachus (Khanna and Mehrotra, 1969) and Heteropneustes fossilis (Khanna and Rekhari, 1972) degranulation of the beta cells was noticed, the degree of which varied at different stages of the experiment. In the fish under study, Channa punctatus, glucose administration evoked significant alterations in the cellular configuration of the principal islets, which are similar in general pattern to those reported by others (Khanna and Mehrotra, 1969; Khanna and Rekhari, 1972) . The beta cells were generally affected, while the alpha cells remained unaltered or were only slightly injured. With the higher doses of glucose, there was widespread degranulation of the beta cells, which was more conspicuous in the central region of the islets. Moreover, the damage was not uniform and patches of degranulated beta cells were found. The histological changes in the islets occurred in synchrony with the fluctuations in the blood glucose level and return to the normoglycemic condition resulted in restitution of the beta cells and they appeared to have recovered from exhaustion caused by `over stimulation'. This shows that the beta cells are directly associated with the blood glucose homeostasis in this fish.
Although the exact mechanism through which glucose affects the beta cells is not known, the `in vivo' experiments of Anderson and Long (1947) and Metz (1958) (Gomori et al, 1939; Wissler et al., 1949) . Further, the number of specific granlues and the amount of extractable insulin are correlated (Hartroft and Wrenshall, 1955) and, therefore, presence or absence of specific granules in beta cells may be taken as an index of the presence or absence of insulin in them. Lindall et al.(1963) have also shown that beta granules contain insulin. The observations recorded in the present study indicate that glucose stimulates the beta cells to secrete insulin till the depletion of their contents and consequent degranulation. The degranulation is, therefore, an indication of the 'over stimulation' or 'exhaustion', which the beta cells are subjected to, in order to metabolize the excess glucose in the blood. Later, when the normoglycemic condition is restored, the demand for insulin decreases and subsequently the beta cells are able to recover and hence appear normal at the end of the experimental period.
Summary
Channa punctatus, exhibits a low glucose tolerance than the mammals. An intramuscular administration of glucose elicits significant hyperglycemia as well as degenerative changes in the islet beta cells. There is degranulation, pycnosis of nuclei and vacuolization of beta cells but the alpha cells remain unaffected. As in the mammals, excess of glucose appears to stimulate increased insulin output from the beta cells and their consequent degeneration in Channa punctatus. The beta cells are apparently associated with blood glucose homeostasis in this fish.
